Angle-resolved photoelectron spectra, utilizing polarized synchrotron radiation, from Ni(100) reveal a narrow surface-sensitive peak at the Fermi energy. This structure exists near the surface-Brillouin-zone edges in both the [10] and [11]directions. The symmetry o'f this state is odd (even) with respect to the (100) f(110)] mirror plane. Projections of the bulk bands onto the surface Brillouin zone show that these surface-sensitive energy levels exist in regions of the surface Brillouin zone where there are gaps in only one spin band, The very narrow energy width of these states indicates that they are surface states and consequently magnetic.
I. INTRODUCTION The history of surface states or resonances on metal surfaces is brief. The first observation of a metallic surface state was by Swanson and Crouser in a field-emission energy distribution from W(100) in 1966. ' They interpreted the structure in their spectra as due to the bulk band structure. It was not until 1970 that these measurements were redone and interpreted as a surface state in a spin-orbit gap in W. '
The claim that the structure observed in the fieldemission spectrum was due to a surface state was based upon the extreme sensitivity of this feature to surface contamination.
The theoretical concept of surface states on metals was introduced in a paper by Pendry and Forstmann" in 1970. They showed that surface states can exist in the hybridization gap of the s and d bands of d-band metals, like Ni and Cu. The important observation in this paper was that surface states can exist in partial gaps (gaps which are of a given symmetry and may exist in only specific portions of the surface Brillouin zone). This theoretical paper furnished the impetus for the experimental interpretation of the W(100) data. '
Many new metallic surface states have been documented experimentally since the early field-emission observations on W(100). Most of these observations were made using photoelectron spectroscopy (primarily angle resolved). Three surface-state bands are now known to exist on W(100) and Mo(100 due to surface states. The experimental data coupled with the bulk band projection in Fig. 6 Fig. 7 for this energy.
The most consistent explanation is that ee have observed magnetic surface states.
Finally, we have limited experimental data about these surface states off of the symmetry directions. Two types of experiments were performed. In, the first the crystal was fixed with respect to the polarization of the light and the detector direction was rotated in azimuthal angle (Fig. 1) keeping the polar angle fixed. If we start at the zone boundary in the [11] direction (X', k~~= 1.26 A ') using the even geometry described in the top left of Fig. 2 The second type of experiment fixed the collection direction relative to the polarization vector, using a polarized light and rotated the crystal. This procedure is very sensitive to the crystal orientation.
%hen the collection direction is parallel to the polarization direction there is a sharp maximum in the [11] direction and a minimum in the [10] 
IV. DISCUSSION
In this section we will first discuss the surfacesensitive structure in normal emission, and then explore alternate explanations of the data presented in Sec. III. Experiments will be proposed to test our explanation. %e will aslo compare our results with the calculations of Dempsey, Grise, and Kleinman. '4 The photoelectron spectra presented in Fig. 4 showed that there was a surface-sensitivity peak in the normal emission spectra. For a specific value of photon energy this surface-sensitive peak exhibited a larger width (-1 eV) and a binding energy larger than either the [10] or [11] surface states discussed previously. Measurements in the plane of incidence (top of Fig. 2 for [10] direction) coupled with normal emission plots as a function of the angle of incidence showed that this structure near normal has even parity. This even surface-sensitive structure exists from ks = 0 to 0.4 A. ' in the [10] direction, but it fails two of the three tests for a surface state. It moves or disperses with changing tao and it does not lie in a gap in the SBZ. Figure 8 shows more energy distributions for normal emission on the left and difference curves on the right. The arrows indicate the problem, the shape and energy position changes as a function of photon energy. Therefore this structure fails the second test. There could be two or more competing effects causing this movement, but the structure in the difference curves looks just like the structure in the clean curves. This moving structure (with photon energy) has been used by Himpsel et al. to plot out the initialstate band structure in the [100] direction. " Our guess is that the peak at low-and high-photon energies positioned 0.5 eV below the Fermi energy (FWHM -0.6 eV) could be a surface resonance.
The structure which starts to disperse at 14 eV is the direct transition from the LL& band. The ordered S layer must preferentially scatter this signal. This type of scattering can be seen in selected curves in Fig. 4 .
Note that the curves taken near the zone boundary b (ks=1.79 A ') show dramatic difference in the region -2 eV below the Fermi energy. The tee =21
and 25 eV curves show a peak 1.5 eV below the Fermi energy induced by the S adsorption. The hem =34 eV curve shows a peak 2 eV below the Fermi energy which is destroyed by the S adsorption. This latter peak in the clean spectrum must be a direct excitation from near the W3 point in the Ni band structure.
The appearance or disappearance of this structure upon adsorption may result from umklapp process. Now we turn our attention to alternate explanations of the data of Sec. III. The surface sensitivity of the peaks seen in the photoelectron spectra of Fig The surface-sensitive structures in Fig. 2 We are back to our original conclusion, that the surface-sensitive peaks in Fig. 2 
